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Abstract 
Project Description 
This paper describes the design and implementation of our test stand for Cablecraft's line of manual 
transmission shifters which are used in Small commercial vehicles, light agricultural vehicles and 
bus/coach applications. 
This test stand is needed to satisfy a customer and possibly gain future customers. The customer 
wants a lifecycle test run on the series model 918 shifter to ensure that it will hold up to future use. 
We designed a frame and fitted it with two actuators to move the shifter and two cylinders to 
supply the needed forces. We are using PLC ladder logic to run the shifter through a designated 
shift pattern. Once the test is complete the shifter will be inspected to see how it held up. 
MET Curriculum 
Throughout the course of the semester, we had to utilize many of the techniques taught in the MET 
curriculum. To begin our project, we used our drafting skills to draw up a basic design for our test 
stand. We then had to use our 30 modeling skills to make a model of this test stand in Solid Edge. 
After adding different components such as the actuators, cables, and pneumatics cylinders, we had 
to alter this model in order to get everything to fit. We also used what we learned in our strength of 
materials and dynamics courses in order to select the right type and size of material. Fundamental 
physics laws were also considered when creating our test stand. 
There were other techniques we used outside of design and fabrication. We had to use our skills of 
engineering economy to select the right components. With each purchase, we had to walk the fine 
line and decide between costs vs. quality. A major part of our project dealt with programming. We 
had to use ladder logic in order to program each actuator. 
Main Learning Point 
Our main learning point was to apply the knowledge that we gained in the above stated courses to 
one real world project. 
Team Work 
Our team worked really well together. We each have our own strengths and weaknesses and 
helped out whenever and wherever possible. 
External Support 
We received external support from Cablecraft as well Neff Engineering. We thank these two 
companies for their time and support. 
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Introduction 
Background 
Cablecraft Motion Controls produces many types of motion control assemblies. The assemblies 
that this project was focused around were the manual transmission shifter assemblies. They 
currently manufacture three different series of shifters, 918, 923, 925. To go along with these 
shifters Cablecraft also produces shift cables to make a complete and reliable system. 
A current customer used to test the products they were interested in buying from Cablecraft to 
ensure the product was of the proper quality. However they are not always able to do a 
lifecycle test on the product because they may be busy with other products and the test are 
quite long. 
Solution 
The customer has asked Cablecraft if they will test the product for them. So our job is to design 
a test stand that will meet the needs of the customer as well as Cablecraft. We focused on 
designing it for the series 918 shifter however we have designed it in a way that makes it 
relatively easy to mount and test the other shifter series. 
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Initial Design Specifications 
• Design a test stand to test Model 918 manual transmission shifter 
• Apply 50 lbs. of force in the shift direction 
• Apply 10 lbs. of force in the select direction 
• Shift through the customer's pattern 571,428 times. 
Gear Pos Fore-aft Cross-gate Vertical 
N 0.0 0.0 0.0 
102.4 22.7 -20.9 
2 -88.2 13.6 ·20.6 
3 103.8 -3.4 -21 .4 
4 -89.0 -3.4 -21.4 
5 96.1 -26.5 -20.9 
6 -87.3 -35.7 ·25.4 
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These specs were given to us by Cablecraft's customer. They gave us these specifications to 
ensure that our test would ensure that Cablecraft's product meets the quality and standards 
that they need. 
I Shift (SO lbs) 
< ) 
Select (10 lbs) 
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Design and Fabrication 
Frame 
The main thing we had to design was the frame of the test stand. First thing we had to decide 
on was what material to build the frame out of. We decided on 2x2 square steel tubing because 
it is strong and easily obtained. Once that was finalized we started working in solid edge to 
come up with a design to support the actuators, pneumatics, and other attachments. We came 
up with a couple slightly different designs of the stand. The screen shot below shows one of the 
first designs that we came up with. Although all of our frame designs were very similar we did 
make several changes during the semester. 
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This picture shows the final design sheet that we submitted to Cablecraft so they can start the 
fabrication process 
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We performed some finite element analysis on a couple of the frame braces to ensure that the 
design was strong enough. We used solid edge to apply loads and evaluate the frame pieces. 
We also used solid edge to put together reports on the FEA that we performed. These reports, 
which are attached to the end of this report as Appendix 1 and 2, show that our design is strong 
enough to stand up to the loads that will be placed on it. 
Shifter Control 
After we finished the frame design we had to come up with a way to hold the shift knob and 
move the shifter through the pattern. We decided to use a two inch ball attached to the shift 
handle. The ball will slide up and down in a steel cylinder lined with ultra-high-molecular-weight 
polyethylene (UHMW). We chose UHMW because it is durable and has a low coefficient of 
friction. 
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Actuators 
We knew we had to use actuators to move the shifter through the pattern. So we contacted 
Neff Engineering and worked with them to spec out two actuators that would handle what we 
need to do. They have software in which you enter a set of parameters and it will tell you what 
size of actuator will work best. Attached to the end of this report are two reports that show 
how the actuators were chosen. These are reports are Appendixes 3 and 4. 
Programming 
When we had our actuators ordered we had to choose a way to control them. We decided to 
use PLC ladder logic because it is what the company has used in the past to control other tests. 
We ordered an Allen Bradley PLC with RSLogix 1000 and an auxiliary pack with 16 outputs to 
make sure we have enough for future modifications. The picture below shows the PLC with the 
auxiliary pack and the two controllers for the actuators. The PLC is all the way to the right and 
the controllers are in the middle. The thing to the left is the 24 volt power source that is 
plugged into the wall. This picture shows an initial setup that will be cleaned up for the final 
product. 
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While we were waiting for all of our ordered parts to arrive we worked on the program 
positions and other related issues. The tables below show the positions of the program and 
how they correspond to the PLC program as well as the actual distance needed to be moved. 
This is information that is entered into the workbench of the actuator controllers. 
shift Relative 
xAxis Binary 
distance 
Gear from Neutral position 
code 
Positon (mm) # 
N (Home) 0001 0 xl 
R 0010 -90 x2 
1st 0011 102.4 x3 
2nd 0100 -88.2 x4 
3rd 0101 103.8 x5 
4th 0110 -89 x6 
5th 0111 96.1 x7 
6th 1000 -87.3 x8 
select 
Relative 
y Axis Binary distance from Gear 
code Neutral (mm) Position 
Positon # 
N (home) 001 0 yl 
R 010 45.8 y2 
1st 011 22.7 y3 
2nd 100 13.6 y4 
3rd,4th 101 -3.4 y5 
5th 110 -26.5 y6 
6th 111 -35.7 y7 
The PLC program was a big challenge for us. We are MET students and have had limited 
exposure to PLC programming. The steps of the program sound very basic however putting the 
steps into ladder logic have proven to be a difficult task. The program starts when we flip a 
switch giving power to a designated input. That sends a signal to the actuator controllers to 
move the actuators. When the actuator completes the move the controllers send a signal back 
to the PLC to tell it that the move was completed. The PLC uses that signal to activate certain 
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bits. The bits tell the controllers where to move next. This process repeats as the program 
moves through each of the gears. The actual PLC program is attached to the end of the report 
as Appendix 5 because it is a very long program. Cablecraft gave us guidance throughout the 
semester especially when we were having issues with this program. 
One issue we had while programming was getting all of our components to communicate with 
each other. We found out that we needed to make a network with each component having a 
designated ip address so that the computer, the PLC, and the acuator controllers could "talk" to 
each other. Reference Appendix 6 for a diagram of the network structure. 
Pneumatics 
Another thing we worked on while waiting for our parts on order was the how we were going 
to apply the required forces on the shifter. We looked into pneumatic cylinders as well as die 
springs. We decided to go with the pneumatic cylinders because we feel we can control the 
forces more accurately. Cablecraft had one cylinder that would work for us so we only had to 
order one along with a couple pressure release valves to control the pressure at the cylinders. 
The calculations below show how we chose the cylinders that would best suit our needs. 
2" bore 
5/8" rod 
Area for cylinder bore= pi*r"2= 3.142 in"2 
Area for rod= pi*r"2= .307 in"2 
Total area= bore - rod= 2.835 in"2. 
Assuming that we regulate the air pressure to 90psi max, we will have a maximum load of 255 
lbs on the cable. Each cylinder will be regulated separately to obtain the proper load. 
Customer requirements for shift/select forces at knob 
23 kgf shift= 50.7 lbs 
4.3 kgf select= 9.5 lbs 
Gear ratio between the lever arm and the shifter handle 
233mm/58mm= 4.02:1 shift ratio 
233mm/60mm= 3.88:1 select ratio 
Load required at cylinders to obtain customer requirement at knob 
4.02 * 50. 7 lbs = 203.8 lbs resistance at shift cylinder 
3.88 x 9.5 lbs = 36.9 lbs resistance at select cylinder 
Cylinder pressure required to obtain above forces: 
203.8 lbs/2.835 in"2 = 71.89 psi shift pressure 
36.9 lbs/2.835 in"2 = 13.02 psi select pressur 
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Fabrication 
We designed and built our frame out of 2x2 square steel tubing because it was a material the 
company had readily available. When we finalized our design we submitted it to Cablecraft and 
they started fabricating the stand. The picture below shows pieces of steel tubing cut to the 
length we need. 
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The picture below shows the frame welded together before it was painted or wheels were 
added. This picture was also before the shifter support was bolted to the frame. 
11 
In this picture you can see that the frame has been painted the shifter support has been 
installed and wheels have been added to make moving the heavy stand around. A plate has also 
been to the lower part of the stand as a place to mount the pneumatic cylinders. Anything 
added after this point was done by our group. 
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This picture shows the test stand with the actuators mounted and the cylinder that will hold 
our shift knob. All of these components were installed by the group using nuts and bolts. 
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This picture was taken to show what it looks like after the shifter and shift handle have been 
installed. As you can see the shift knob is in the cylinder that I spoke of earlier. 
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Here is a picture showing the pneumatic cylinders installed on the lower part of the stand. 
The fabrication and assembly process of this stand is not one hundred percent complete we 
still have some brackets and some cables to add. We plan on completing this stand within the 
next couple weeks. 
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Results 
This stand will be used to test Cablecraft's line of manual transmission shifters. When 
completed all the user has to do is flip a switch and the system will run through the program 
and shift through the gears continuously until it is reset. Here is a picture of the test stand at its 
current state. We have cables to attach and a couple brackets left to install for the pneumatics. 
In this photo you can see all of the major components mounted to the frame. When complete 
there will only be a couple things that are different. There will be shift cables running from the 
shifter to the pneumatic cylinders, wires running to the motors of the actuators, and hoses 
running to the cylinders. 
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Testing 
This test stand is not yet complete so we do not have any testing completed. We have all of the 
materials however we still need to do some work on the PLC program. When the stand is 
complete we will test the stand to ensure that Cablecraft can use it to test their products 
successfully. We will run the shifter through all of the positions continuously to ensure there 
are no faults. Another way we will test the stand is to tell the actuators to move a certain 
distance then check that distance after the movement is complete. Another thing we will need 
to check is the loads on the shifter. To test this we will install load cells between the cables and 
the cylinders to ensure we are producing the appropriate amount of force. When we complete 
this stand we believe that we will have no problem passing the tests we plan to put it through. 
This stand will have to hold up to the actual tests it will run. The customer gave Cablecraft a 
designated amount of patterns that they wanted. The customer stated that we needed to shift 
through the pattern 571,428 times. This calculates out to shifting gears 4 million times. The 
table below shows some data on what we predict the shifter will do. 
Speed of Linear 
b d ff f 
H O ns/Minute 
actuator ase o 0 Actuator 
H Patterns I minute speed 
H Patterns/day H Patterns/Week Weeks to complete 571,428 H Patterns (inches/min) (Inches/sec) 
2 2880 20160 
3 4320 30240 
4 5760 40320 
5 7200 50400 
6 8640 60480 
7 10080 70560 
8 11520 80640 
9 12960 90720 
28.34 112 
18.90 168 
14.17 224 
11.34 280 
9.45 336 
8.10 392 
7.09 448 
6.30 504 
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1.87 
2.80 
3.73 
4.67 
5.60 
6.53 
7.47 
8.40 
***typical cable 
speed*** 
Cost 
Our initial budget was around $ 3,000. However after researching the components that we 
were going to need, we quickly found we were going have to spend than the company first 
thought. The table below shows the costs of the materials we used. 
PLC 
Allen Bradley, Micrologix 
Allen Bradley, 16 output relay module 
Actuator 
Tolomatic, Screw drive, MXE40P 
Tolomatic, Screw drive, MXE25P 
Tolomatic, limit Switches, 2 per actuator 
Servo Motor & Drive 
Kollmorgen, AKD servo drive 3.0Amp 120VAC 
Kollmorgen, AKM servo motor 2.4Nm 
Kollmorgen, power cables, Qty 2 
Kollmorgen, feedback cables, Qty 2 
Power Supply 
Meanwell, 24vdc 1.7 amps 
Pneumatics 
Total Cost: 
Price 
$544.50 
$219.60 
$1,986.86 
$1,596.11 
$137.64 
$1,620.00 
$1,220.00 
$200.00 
$168.00 
$26.05 
$950.10 
$8,668.86 
We may have spent more than double the initial budget but given that this piece of equipment 
will be easily adaptable to test other shifters it is a good investment for Cablecraft. 
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Conclusion 
Overall we believe this a great design for this piece of equipment. We took all of the necessary 
precautions to ensure that this stand will help Cablecraft test and possible improve their 
products. We have a design that is strong and easy to use. By far the most difficult part of the 
design was the PLC programming. The stand has been built well and in a way that allows for 
future modifications. Our favorite part was when we got to mount everything up and see the 
main components all together. We have not yet completed the programming and plan on 
testing the stand when we complete it. We have learned a lot working on this project and look 
forward to finishing this for Cablecraft soon. 
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!o !Task Name ID 
"' '1" 1:;'· ·00fo.iliiine .. ii'ciu.atoi··;:0Ciuirements 
·· ·· 2 lv-· Order actuator 
3 · · iv". Actuators delivered 
4 ·1v-· determine servo motor & drive requirements 
5 · ·· ··:v-· Order servo motor & drive 
6 · - )V'· Actuators delivered 
·y Design test stand 
8 Fabricate test stand 
9 -i~ Determine PLC requirements 
; 
.. 16 _, Order PLC 
I 
'Tf ;t£3 Determine cable resistance 
( 
12 -- ·; order cable resistance 
·--13·--( Cable resistance delivered 
14 ·iG:3 Download PLC programming software 
... fa ' ! Create PLC program 
- 1"6 Assemble actuators to test stand 
Ti" Verify actuator travel, load and speed 
18 Begin testing 
fa "' Testing update@ 60% completion 
Project: IPFW time line 
Date: Fri 3/16/12 
Task 
Split 
Progress 
l % Complete i Duration i Start 
· L · -- 100%· 2;;vk/ -- -Moii -1J36H2t 
100% 1 day Mon 2/13/12 
100% 2wks Tue 2/14/12 
100% 1 wk Mon 2/13/12 
100% 1 day Mon 2/20/12 
100% 4wks Mon 2/20/12 
50% 4wks Tue 2/21/12 
0% 3wks Tue 3/20/12 
75% 1 wk Mon 3/12/12 
0% 1 day Mon 3/19/12 
50% 1.5 wks Mon 3/12/12 
0% 1 day Wed 3/21/12 
0% 2wks Thu 3/22/12 
0% 1 day Mon 3/19/12 
0% 3wks Tue 3/20/12 
0% 1 day Tue 4/10/12 
0% 2 days Wed 4/11/12 
0% 22wks Fri 4/13/12 
0% 13.2 wks Fri 4/13/12 
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••• , • , • , , , , , , , , , , Summary 
Project Summary 
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i=ii2ifoH2 
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